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A. Seasonal Changes of a Biophonic Diversity Index (ACI, ADI, H, BI)
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Conceptual Model for Acoustic Phenology (Temperate Forest)

Annual resident birds 

Spring anurans Summer anurans
Neotropical birds - breeding

Crickets
Cicadas & Katydids

Area under the curve is 
the site annual acoustic 
diversity



Values 1-13 are 
measures of 
departures from 
reference or 
baseline and 
represent impacts of 
land use or climate 
change











Omnidirectional MicsOmnidirectional 
Mics





4 D-cell sized 
batteries. 
Program 
sensors to 
record using a 
duty cycle of 1 
min on, 9 mins 
off.
Will last 4 
months. 

1,000,000 recordings
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Red-winged blackbirds

Canada goose

Unidentifiable 
sparrow

Wingbeats of thousands of sandhill cranes

Wind or road noise

Sandhill crane 
cackling

Wind or road noisePlane

Others Include

Acoustic Diversity Index 
(Frequency Band Entropy)

B. Indices based  on 
Frequency Band 
Discretization

A. Frequency Band Discretization of a Spectrogram

1. Acoustic Indices: Spectrogram Discretization

Zhao, Zhao, Zhi-yong Xu, Kristen Bellisario, Rui-wen Zeng, Ning Li, Wen-yang Zhou, and Bryan C. Pijanowski. 
"How well do acoustic indices measure biodiversity? Computational experiments to determine effect of sound 
unit shape, vocalization intensity, and frequency of vocalization occurrence on performance of acoustic 
indices." Ecological Indicators107 (2019): 105588.

H (spectral and temporal entropy)
ACI (Acoustic Complexity Index)
BI (Bioacoustic Index)
NSDI (normalized spectral difference index)

Use SoundEcologyR





Also shown is research vessel and an endangered 
Ganges River dolphin breaching, upper left of boat

Forest Department, Bangladesh mangrove tree monitoring 
sites (N=110). Number of trees, species, dbh, crown height, # 
diseased, # cut.
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West is most highly stressed due to higher than normal salinity and thus has reduced ADI values 
likely reflecting fewer birds and insects

Dawn reflects mostly avian species richness whereas dusk chorus is mostly insects with a few 
crepuscular and nocturnal birds 

Central zone remain high and might reflect consistency with the Intermediate Disturbance 
Hypothesis of Connell
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Nocturnal soundscape is quiet everywhere

More livestock, less wildlife, lower ADI

Forests>Riparian>Grassland





Have now compiled 
over 100 ECOStress 
scenes for ESI and LST





Indicates larger R2 value 
between monthly swath 
comparisons



𝐷𝐸𝑆𝐼𝑆 𝑆ℎ𝑎𝑛𝑛𝑜𝑛 𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑥 = 

𝑖=1

150

𝑃(𝑥𝑖) log𝑒 𝑃(𝑥𝑖)

Where, 𝑃 𝑥𝑖 =
𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖−𝑡ℎ 𝑏𝑎𝑛𝑑 𝑓𝑜𝑟 𝑃𝑖𝑥𝑒𝑙 𝑋

𝑆𝑢𝑚 𝑜𝑓 𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑒 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑉𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑏𝑎𝑛𝑑𝑠 𝑓𝑜𝑟 𝑃𝑖𝑥𝑒𝑙 𝑋







Exemplary 150m Pixel with 25 sub-pixels. Here the frequencies of Class 1 to Class 5 are 5, 9, 3, 5 and 
3 respectively. So the Shannon Entropy value for this pixel is 1.52.
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